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INIRODUCTION: 

There  is  increasing  evidence  that  the  epidermal  growth  factor  receptor  (EGFR) 
family  plays  an  important  role  in  radioresistance  of  human  breast  cancer.  Over- 
expression  of  HER2  is  associated  with  local  recurrence  of  breast  cancer  after 
radiotherapy  1.  EGFR  activation  is  associated  with  increased  radioresistance  in  vitro  ^  3^ 
and  EGFR  over-expression  is  associated  with  radioresistance  in  clinical  tumor  specimens 
Kinase  inhibitors  or  antibodies  that  perturb  EGFR  or  HER2  signaling  show  promise 
as  radiosensitizing  agents  both  in  pre-clinical  and  clinical  studies  (reviewed  in  In 
gliomas,  rearrangements  of  the  EGFR  gene  were  identified,  including  a  commonly 
occurring  rearrangement  that  results  in  loss  of  exons  2-7  of  the  extracellular  domain 
This  variant,  EGFRvIH,  constitutively  activates  signal  transduction  pathways  associated 
with  proliferation  and  survival,  and  may  perturb  the  normal  interactions  of  the 

endogenous  EGFR  family  members  EGFRvHI  has  been  reported  to  be  expressed  in  a 

large  percentage  of  human  breast  cancers  and  to  play  an  important  prognostic  role 
Expression  of  EGFRvIII  confers  resistance  to  chemotherapeutic  agents  in  gliomas  via 
modulation  of  the  apoptotic  pathway,  and  the  downstream  signal  transduction  pathways 
constitutively  activated  in  some  EGFRvin-expiessing  cells,  PI-3-kinase  and  MARK, 
have  been  imphcated  in  radioresistance  5,11.  Thus,  there  is  a  distinct  possibility  that 
EGFRvIII  may  mediate  radioresistance  or  affect  activation  of  other  EGFR  family 
members  thought  to  be  involved  in  radioresistance.  If  so,  there  is  potential  for  improving 
radiation  response  by  using  EGFRvIII  inhibitors,  which  are  currently  in  advanced  stages 
of  development  for  clinical  use,  as  radiosensizing  agents  that  would  have  a  high 
specificity  for  tumor  as  opposed  to  normal  tissues. 

BODYr 

1)  Creation  and  Characterization  of  EGFRvIII-expressing  Cell  Lines 

The  EGFR  has  been  implicated  in  radiation  response  modulation  when  activated 
by  hgand  and  when  activated  by  ionizing  radiation.  Unlike  HER2,  which  is 
constitutively  active  when  over-expressed,  over-expression  of  EGFR  has  not  been  shown 
to  render  it  constitutively  active  in  the  absence  of  ligand.  However,  a  mutant  EGFR, 
l^esent  in  gliomas  and  reportedly  in  a  large  percent  of  breast  cancer,  is  constitutively 
active  in  the  absence  of  ligand.  This  EGFR  variant,  designated  EGFRvIII,  resembles  the 
oncogenic  v-erbB,  in  that  it  has  deleted  a  significant  portion  of  the  extracellular,  ligand 
binding  domain. 

In  order  to  determine  whether  expression  of  EGFRvIII  confers  radioresistance  in 
human  breast  cancer  cell  lines  or  normal  breast  epithelial  cell  lines,  we  expressed 
EGFRvin  in  a  normal  mammary  epithelial  ceU  line  that  expresses  normal  levels  of 
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EGFR,  HER2,  and  HER3  (MCFIOA)  and  in  a  breast  cancer  cell  line  that  expresses  all 
EGFR  family  member4s  except  EGFR  (SUM44).  Both  cell  lines  grow  in  serum-free, 
defined  growth  factor  condition,  and  EGFRvin  did  not  affect  the  proliferative  rate  in  the 


presence  of  necessary  growth  factors.  However,  in  growth  factor  depleted  medium, 
EGFRvin  expression  conferred  EGF  and  IGF  independence  in  MCFIOA  cells. 

Expression  of  EGFRvin  enabled  soft  agar  growth  of  MCFIOA  cells  (SUM44  cells  grow 
in  soft  agar  regardless  of  EGFRvHI  expression). 

Expression  of  EGFRvni  caused  constitutive  tyrosine  phosphorylation  of  EGFR  in 
MCFIOA  cells  and  of  HER2  in  MCFIOA  and  SUM44  cells  (Figure  1  A).  Expression  of 
EGFRvin  also  induced  constitutive  activation  of  p44/42  MAPK  and  Akt,  but  did  not  alter 
activation  of  p38  MAPK.  EGF-induced  activation  of  SAPK/JNK  was  reduced  in 

EGI^vni-expressing  celts  (Figure  IB). _ 

Figure  lA.  Constitutive  activation  of  EGFRvBI  and  HER2. 
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Figure  IB.  Constitutive  activation  of  Akt  and  p44/42  MAPK. 
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2.  EGFRvin  effect  on  radiation  response 

To  determine  the  effect  if  any,  of  the  EGFRvIII-induced  constitutive  signaliug  on 
radiation  response,  stemdard  colony  forming  assays  were  performed  with  eitiierwector- 
control  SUM44  cells  (SUM44-pLXSN)  vs.  SUM44  cells  expressing  EGFRvIII 
(EGFRvni)  and  vector-control  MCFIOA  cells  (MCFlOA-pLXSN)  orMCFlGA  cells 
expressing  EGFRvIII  (MCFlOA-vIII).  Figure  2  demonstrates  that  there  was  no 
difference  between  vector  control  and  EGFRvIII-expressing  cells  in  response  to  single 
dose  ionizing  radiation  over  a  range  of  doses  for  either  cell  line,  nor  were  there 
differences  in  the  radiation  response  parameters  of  ct/p,  Djq  or  Do. 


Clinically,  radiation  therapy  is  delivered  using  multiple  fractions  of  lower  dose  to 
enable  normal  cells  to  arrest  and  repair  between  fractions.  EGFR  family  member 
signaling  has  been  implicated  in  repair  and  arrest  functions,  so  we  wished  to  determine 
whether  EGFRvIII  expression  affected  response  to  fractionated  radiotherapy.  Vector 
control  or  EGFRvIII-expressing  cells  were  treated  with  either  a  single  dose  of  2  Gy  or  3 
fractions  of  2Gy  each.  There  was  no  difference  in  colony  formation  after  a  single  dose  of 
2  Gy,  as  expected  from  the  above  studies,  but  EGFRvIII-expressing  cells  demonstrated 
radioresistance  compared  with  vector  control  cells  when  treated  with  3  fractions  of  2  Gy 
(Figure  3). 
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3.  Effect  of  inhibition  of  constitutive  activation  of  EGFRvIII  and  HER2  in  EGFRvIH- 
expressing  cells  by  a  dual  EGFR/HER2  kinase  inhibitor,  GSK702016. 

To  determine  whether  constitutive  activation  of  the  EGFRvin  and/or  HER2  was 
responsible  for  the  apparent  radioresistance  to  fractionated  treatment  in  the  EGFRvIII- 
expressing  cells,  a  small  molecule  tyrosine  kinase  inhibitor  that  mhibits  both  EGER  and 
HER2,  GW702016,  was  employed  (kindly  supplied  by  Glaxo,  Inc.)-  GW702016 
inhibited  both  EGFRvIII  and  HER2  constitutive  activation  by  luM  (Figme  4A),  and  also 
inhibited  the  subsequent  constitutive  activation  of  p44/42  MAPK,  but  did  not  inhibit 
constitutive  activation  of  Akt  (Figure  4B). 


To  determine  whether  GW702Q16  inhibition  of  constitutive  EGFRvIII  andHER2 
and  subsequent  inhibition  of  p44/42  MAPK  activation  in  EGFRvIII-expressing  cells, 
cells  were  treated  with  luM  GW702016  30  minutes  prior  to  a  single  dose  of  2Gy  or  3 
doses  of  2Gy  radiation.  GW702016  did  not  significantly  affect  response  to  single  dose 
radiation,  but  markedly  sensitized  cells  to  fractionated  radiation  (Figure  5). 
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Figure  5.  Effect  of  GW702016  on  radiation  response  to  single  dose  or  fractionated 
radiation. 
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While  our  preUminary  data  in  the  MCFlOA-EGFRvIII  expressing  line  indicates  that 
GW702016  reverses  the  EGFRvIII-mediated  resistance  to  fractionated  radiotherapy, 
these  experiments  need  to  be  confirmed  with  a  cell  line  that  has  more  consistent  results 
on  clonogenic  survival  assays.  To  this  end,  we  are  in  the  process  of  confirming  the 
fractionated  radiation  response  in  SUM  102-expressing  EGFRvIII  cells. 

KEY  RESEARCH  ACCOMPLISHMENTS: 

•  Creation  of  EGFRvIII-expressing  breast  epithelial  and  breast  cancer  cell  lines. 

•  Demonstration  that  EGFRvIII  expression  induces  constitutive  EGFRvIII  and 
HER2  activation 

•  Demonstration  that  EGFRvIII  expression  results  in  constitutive  p44/42  MAPK 
and  Akt  activation. 

•  Demonstration  that  EGFRvIII  expression  does  not  affect  radiation  response  to 
single  dose  radiation,  but  does  induce  radioresistance  to  fractionated  radiotherapy 
at  clinical  relevant  fraction  doses. 

•  Demonstration  that  GW702016  inhibits  constitutive  activation  of  EGFRvIII  and 
HER2. 

•  Demonstration  that  GW702016  inhibits  constitutive  activation  of  p44/42  MAPK 
but  not  Akt. 

•  Demonstration  that  GW7 020 1 6  reverses  EGFRvIII-mediated  radioresistance  to 
fractionated  radiation. 


REPORTABLE  OUTCOMES; 

•  Manuscript  “Epidermal  growth  factor  variant  (EGFRvIII)  expression  in  a  normal 
human  breast  epithelial  cell  line  induces  growth  factor  independence,  constitutive 
activation  of  downstream  signal  transduction  pathways,  and  anchorage- 
independent  growth”  in  preparation,  plan  submission  to  Oncogene. 

•  If  the  radiation  response  results  are  confirmed  in  SUM102-EGFRvin  cells,  we 
will  prepare  a  manuscript  reporting  the  resistance  to  fractionated  radiotherapy, 
reversal  of  resistance  by  GW702016,  and  correlation  of  reversal  of  radioresistance 
with  inhibition  of  p44/42  MAPK,  but  not  Akt. 

CONCLUSIONS: 

Our  results  indicate  that  the  EGFRvin  induces  resistance  to  fractionated 
radiotherapy  at  clinically  relevant  dose  per  fraction,  and  that  resistance  correlates  with 
constitutively  active  EGFRvIII  and  HER2  signaling  through  p44/42  MAPK. 

Furthermore,  inhibition  with  GW702016,  a  dual  EGFR/HER2  tyrosine  kinase  inhibitor 
reverses  the  radioresistance. 

“So  what?”  While  EGFR  and  HER2  activation  have  been  implicated  in 
radioresistance,  the  role  of  EGFRvIII  is  unknown.  Our  findings  indicate  that  EGFRvIII 
induces  constitutive  activation  of  an  EGFR-like  signal  and  a  HER2  signal.  If  the 
resistance  to  fractionated  radiotherapy  is  confirmed  in  the  SUM102-EGFRvin  cell  line, 
our  results  will  provide  novel  evidence  for  a  role  of  EGFR  family  signaling  in  resistance 
to  fractionated  radiotherapy,  providing  a  nidus  for  investigation  of  the  mechanism(s) 
involved  in  resistance  to  therapeutically  relevant  fractionated  radiotherapy.  Furthermore, 
om  findings  demonstrate  that  a  new,  reversible,  dual  EGFR/HER2  kinase  inhibitor 
inhibits  the  constitutive  activation  of  EGFRvIII,  HER2,  and  downstream  p44/42  MAPK. 
Our  results  provide  rationale  for  further  investigation  of  small  molecule  tyrosine  kinase 
inhibitors  as  radiosensitizers,  particularly  in  EGFRvUI-expressing  tumors,  but  also  in 
tumors  with  constitutive  EGFR  or  HER2  signaling  via  other  mechanisms  such  as  over¬ 
expression  or  autocrine  activation.  Finally,  our  results  raise  the  intriguing  possibility  that 
inhibition  of  constitutive  p44/42  MAPK  may  correlate  with  radiosensitization  of 
EGFRvni-expressing  tumors,  which,  if  confirmed  in  correlative  trials  may  establish 
p44/42  MAPK  as  a  predictor  of  response. 
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REPLY  TO 
ATTENTION  OF 


DEPARTMENT  OF  THE  ARMY 
US  ARMY  MEDICAL  (^SEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 
FORT  DETRICK,  MD  21702-5012 


MCMR-RMI-S  (70-ly) 


10  Jun  03 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 
Center  (DTIC-OCA) ,  8725  John  J.  Kingman  Road,  Fort  Belvoir, 
VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 


1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  this  Command.  Request  the  limited 
distribution  statement  for  the  enclosed  accession  numbers  be 
changed  to  "Approved  for  public  release;  distribution 
unlimited."  These  reports  should  be  released  to  the  National 
Technical  Information  Service. 


2.  Point  of  contact  for  this  request  is  Ms, 
DSN  343-7327  or  by  e-mail  at  Kristin.Morrow;^ 


FOR  THE  COMMANDER: 


Kristin  Morrow  at 
amedd . army .mil, 


Deputy  C|h:j.ef  of  Staff  for 
ion  Management 


Enel 
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ADB285664 

ADB281628 

ADB284965 
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ADB285670 

ADB257200 

ADB266081 

ADB285703 

ADB285699 

ADB285481 

ADB285668 

ADB283633 


